The long term effects of formaldehyde on the respiratory tract have been investigated in a group of 164 workers exposed daily to the chemical during the production of urea formaldehyde resin, together with 129 workers not exposed to free formaldehyde. Exposure was classified as high (corresponding to an eight hour time weighted exposure of more than 2-0 ppm), medium (0-6 to 2-0 ppm), or low (0-1 to 0 5 ppm). Twenty five per cent of workers had had high exposure at some time and 17% moderate exposure. Both the exposed and unexposed groups had an annual assessment that included lung function. The proportion with self reported respiratory symptoms was similar in the two groups, 12% and 16% reporting breathlessness on hurrying and 26% and 20% wheezing. The initial forced expiratory volume in one second (FEV1) was within 0-5 1 (approximately one standard deviation (SD)) of the predicted value (by age and height) in 65% of the exposed and 59% of unexposed workers and more than 0-5 1 below the predicted value in 9% of exposed and 11% of unexposed workers. The mean decline in FEV1 was 42 ml a year (SD 45) in the exposed group and 41 ml a year in the unexposed group (SD 40 ml a year). The rate of decline showed the expected association with smoking in the unexposed group, but in the exposed group the mean rate of decline in the never smokers was similar to that in current smokers. There were, however, relatively few never smokers and considerable variation in the rates of decline. In the exposed group no association was found between the rate of decline and indices of exposure to formaldehyde. Thus there is no evidence from National Heart and Lung Institute, Brompton Hospital, London SW3 6HP A J Nunn, J H Darbyshire, K M Venables, A J Newman Taylor Ciba-Geigy Plastics, Duxford A A Craigen this study of an excess of respiratory symptoms or decline in lung function in the workers exposed to formaldehyde. The similar rate of decline of FEV, however in never smokers and smokers ofthe exposed group is consistent with findings ofother studies for workers exposed to formaldehyde and to toluene di-isocyanate.
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Formaldehyde is a water soluble gas used in a variety of industries. It is irritant to the skin and mucous membranes,' and is reported to cause asthma.2 After the introduction of urea formaldehyde foam insulation in the late 1970s concern arose about possible adverse effects.34 We decided, therefore, to investigate the long term effects of formaldehyde on the respiratory tract by examining symptoms and lung function in workers exposed daily to the chemical. Our study used available data from a health screening programme carried out on the workers at a chemical factory in Duxford, England, manufacturing urea formaldehyde resin. ' There are three stages to the manufacturing process. Methanol, air, and water are heated with a silver catalyst at 600°C to produce formaldehyde; formaldehyde is added to urea, sodium hydroxide, and formic acid and heated to 100GC to form urea formaldehyde liquid resin, which is spray dried at 70°C to form urea formaldehyde powder resin.
Methods

POPULATION
All 164 workers who were exposed to free formaldehyde in 1980 have been studied over the subsequent six years, together with a group working on other processes and not in contact with free formaldehyde. This group consisted of 129 personnel working in the bonded structures division at the same factory in 1980 who were not exposed to free formaldehyde but who attended for screening because of exposures to other materials such as phenolic resins, epoxy resins, and carbon fibres.
To investigate whether workers in either group were exposed to agents (apart from formaldehyde in the exposed group) that might affect respiratory function or cause irritation of the respiratory tract, All current workers and those who had left the company (a total of 125 in the exposed group and 95 in the unexposed group) were contacted and asked to attend for the final examination, which was in 1986 (except for nine workers (three exposed, six not exposed) seen in 1987). Six men had died (see below). Out of 65 (39 exposed, 26 not exposed) who had left, 13 (nine exposed, four not exposed) attended; the remainder either could not be contacted or were unable to attend (table 2). A further 10 who did attend had acceptable spirometric traces available for analysis on less than three occasions. Thus there remained 220 (125 exposed, 95 not exposed) men available for analysis, representing 76% and 74% of those originally entered into the study. which were more than 0 5 1 from their own line ofbest fit, were omitted and the line recalculated. 9 The covariates included in the analysis of the rate of decline of FEV, were FEV, level (calculated as mean FEV,/height'), age in 1980, smoking state in 1980 and at the final assessment, and for those in the exposed group, the maximum and mean exposure assessment level (ranked on a scale from 1 to 5) and the total duration of exposure to formaldehyde.
DEATHS
Six workers (five exposed, one unexposed) died during the study period; two of the five exposed committed suicide, two died of carcinoma of the bronchus and one of carcinoma of the stomach. The worker in the unexposed group died of a cerebral aneurysm.
Results POPULATION CHARACTERISTICS Table 4 shows the characteristics of the 220 men in the analysis. The men in the exposed group were on average older than those in the unexposed group, 29% of the exposed and 39% of the unexposed being younger than 35 in 1980. The smoking state of the exposed and unexposed groups was similar both in 1980 and at the final examination when the number of current smokers was 58 (46%) in the exposed group and 43 (45%) in the unexposed group. Those in the exposed group had on average worked for longer in the factory than those in the unexposed group, 22% compared with 4% having been employed for 20 years or more. Of those in the exposed group, 103 (82%) had been exposed to formaldehyde throughout their time of employment at the factory.
RESPIRATORY SYMPTOMS AT THE FINAL ASSESSMENT
None of the 125 workers in the exposed group and only four (4%) of the 95 in the unexposed group had chronic bronchitis, defined as a history of sputum production for at least three months in the year.'0 Shortness of breath when hurrying or walking uphill was reported by 15 (12%) and 15 (16%). Although wheezing was slightly more common in the exposed group (26%) than in the unexposed group (20%), only three (2%) and five (5%) wheezed on most days or nights; 12% and 11% reported a history of other chest illnesses. Thus there was no evidence to suggest that respiratory symptoms were more common in those exposed to formaldehyde.
DECLINE IN FEV,
All workers included in the analysis had acceptable FEV, traces on a minimum of three occasions; 69% of the exposed and 71% of the unexposed group had traces available on at least five occasions (40% and 41% on six occasions and 15% and 12% on seven occasions).
When compared with age and height specific reference values of FEyV, the first acceptable FEV, was within 0 5 1 (equivalent to approximately one standard deviation) of the predicted value in 65% of the exposed and 59% of the unexposed workers. For 9% of the exposed group and 11% of the unexposed group the observed value was more than 0 5 l-below the predicted value. The distribution of the regression coefficients of the decline in FEV, with age is shown in fig 2. The mean decline was 42 ml a year (SD 45 ml a year) in the exposed group and 41 ml a year (SD 40 ml a year) in the unexposed group. Outlying points in the distribution (defined as more than three SDs above or below the mean value) occurred in three of the exposed group and one of the unexposed group. Two current smokers (both exposed group) had declines of 185 and 205 ml/year; one ex-cigarette smoker, currently smoking cigars (unexposed group), had a yearly increase of 104 ml/year and one lifelong nonsmoker (exposed group) had a yearly increase of 96 ml/year. Only one (exposed group) of the workers with a rate of decline outside three standard deviations had less than four measurements of FEVI. None of the covariates analysed was significantly associated with the rate of decline.
The rates of decline in the never smoker, exsmoker, and current smoker subgroups of.the unexposed group showed the expected association with smoking, the fastest decline occurring in current smokers (table 5) . In contrast, the mean rate of decline for those who had never smoked in the exposed group was similar to that for smokers. There was, however, a relatively small number of workers who had never smoked and considerable variation in the rate of decline between subjects so the confidence limits on the mean rate of decline were large (table 5).
Discussion
There is no evidence, from our study, of an excess of respiratory symptoms or an accelerated rate of fall of FEV, in workers exposed to formaldehyde compared with a group who were not exposed. None of the 125 workers in the formaldehyde group reported symptoms consistent with chronic bronchitis; also shortness ofbreath in the exposed group when hurrying or walking up hill (reported by 12%) was no more common than in the 95 workers in the unexposed group (16%). The mean annual decline in FEV, with age was similar in the two groups, 42 ml a year in the group exposed to formaldehyde and 41 ml a year in the unexposed group. No association was found Sixyear follow up of lungfunction in men occupationally exposed to formaldehyde between mean annual decline in FEV, and level or duration of exposure to formaldehyde.
Analysis of the decline in FEV, in relation to smoking history showed the expected relation in the unexposed group, with a mean rate of decline of 29, 40, and 46 ml a year for those who had never smoked, ex-smokers, and current smokers. This was consistent with findings from other studies.9 In the formaldehyde group, however, the same trend was not seen. The rate of decline in those who had never smoked (45 ml a year) was similar to that in current smokers (46 ml a year); whereas ex-smokers had a decline of 33 ml a year. A recent study on Swedish woodworkers exposed to formaldehyde demonstrated a significant mean decline in forced expiratory flow (FEF2,75) over five years in 11 non-smokers (0 21 1/s/year) but not in 10 smokers (0-06 1/s/year).'2 A significant decline in the FEVI/FVC ratio of 0-45% a year was also reported in the non-smokers but not in the smokers.'2
In a five year study of workers employed in the manufacture of toluene di-isocyanate an excess decline in FEVI in non-smokers with high exposure to the compound has been reported when compared with current and ex-smokers.'3 These findings and those of the present study are consistent with the hypothesis that susceptibility to the effect of these chemicals on the respiratory tract may be greater in non-smokers than in smokers or, at least, that there is no additional effect of smoking on exposure.
In interpreting these results it is important to assess any possible bias in the conduct of the study that might prevent a real difference between the exposed and unexposed groups from being detected. The group was based on all those working in the factory in 1980, not a cohort defined by year of first employment. It is, therefore, part of a much larger cohort employed over many years, some of whom were likely to have been exposed to much higher concentrations of formaldehyde in the past. Workers with adverse respiratory effects from high concentrations may have left employment early so that only "survivors" would be included in the study. It is of interest that three men in the formaldehyde group but none in the unexposed group died of carcinoma. The workers exposed to formaldehyde, although comparable in smoking habits to the controls, were on average somewhat older. The large occupational cohort study by Acheson et at did not support the hypothesis that formaldehyde is a carcinogen in humans although they indicated that further studies on those exposed to "high" levels for more than five years were needed.
In conclusion, this longitudinal study has not found evidence ofan excess of respiratory symptoms, or an accelerated decline in FEV, in workers currently exposed to formaldehyde when compared to an unexposed group. The suggestion of a possible adverse effect in non-smokers is consistent with findings in a study of workers exposed to formaldehyde and toluene di-isocyanate" and deserves to be investigated further.
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